Evolving particle size is the key to improved volcanic forcings by Mann, G et al.
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Major volcanic eruptions inject sulfur dioxide 
62) into the stratosphere, abruptly increas-
ing the stratospheric aerosol burden, with 
the decay back to pre-eruption conditions 
WDNLQJVHYHUDO\HDUV)LJ7KHDHURVROV
have long-lasting global impacts on climate 
HJ5RERFNSULQFLSDOO\VXUIDFHFRRO-
ing through increased scattering of solar ra-
diation, which is partially offset via increased 
absorption of terrestrial radiation, heating 
the stratosphere. Accurately characterizing 
these shortwave and longwave radiative 
effects is critical for robust attribution of 
anthropogenic climate change. 
7KHLQMHFWHG62 oxidizes to sulfuric acid 
vapor causing new particle formation and 
condensation onto existing particles, which, 
together with ongoing coagulation, grows 
aerosol particles to larger sizes than in quies-
FHQWFRQGLWLRQVHJ'HVKOHU7KHVL]H
shift increases the solar scattering efficiency 
and controls the stratospheric heating since 
only coarser particles absorb solar near-in-
frared and terrestrial longwave radiation 
/DFLVHWDO/DUJHUSDUWLFOHVDOVRIDOO
faster, which causes a vertical gradient in 
the particle size distribution and limits the 
impacts from very large eruptions (e.g. Pinto 
HWDO
In the case of major tropical eruptions, 
VXFKDVWKH3LQDWXERHUXSWLRQWKH
stratospheric heating enhances the equa-
tor-to-pole temperature gradient in the 
lower stratosphere causing a stronger polar 
vortex and inducing chemical and dynamical 
changes with complex associated short-term 
FOLPDWHUHVSRQVHVHJ*UDIHWDO)RU
example, mid-latitude North America and 
Eurasian winters were warmer following 
PDMRUthFHQWXU\HUXSWLRQV5RERFNDQG
0DR
Microphysical processes therefore play a 
key role in determining volcanic impacts 
RQFOLPDWHDQG7LPPUHFNLGHQWLILHG
the need for model intercomparisons and 
greater evaluation against observations to 
better constrain radiative forcings.
Prescribed volcanic forcings 
may cause biases
All but one of the climate models that 
SHUIRUPHG&0,3KLVWRULFDOVLPXODWLRQV
used prescribed volcanic radiative forcing 
datasets based on observationally-derived 
reconstructions of aerosol optical depth 
following major eruptions (e.g. Sato et al. 
0DQ\DOVRFDOFXODWHUDGLDWLYHHIIHFWV
assuming a globally uniform particle size 
distribution, which may have overestimated 
YROFDQLFFRROLQJLQWKHVLPXODWLRQV&DQW\HW
DO,QGHHGGHILFLHQFLHVLQSUHVFULEHG
volcanic forcings have been identified as a 
likely contributor to discrepancies be-
tween climate model and observed global 
PHDQVXUIDFHWHPSHUDWXUH*067WUHQGV
0DURW]NHDQG)RUVWHU
Accurate volcanic forcing estimates are pivotal for robust simulation of global mean surface temperature trends. 
Interactive stratospheric aerosol microphysics models calculate aerosol-radiation interactions and sedimentation 
rates consistently with a globally varying particle size, which improves the fidelity of simulated climate impacts.
Evolving particle size is the key to 
improved volcanic forcings
Graham Mann6'KRPVH7'HVKOHU&7LPPUHFN4, A. Schmidt51HHO\DQG/7KRPDVRQ
Figure 1:7KH\HDUUHFRUGRIFROXPQLQWHJUDWHGVL]HUHVROYHGVWUDWRVSKHULFDHURVROSDUWLFOHFRQFHQWUDWLRQVDWDOWLWXGHVRI(A)NPDQG(B)NPIURPEDOORRQ
VRXQGLQJVDW/DUDPLH86$IURP'HVKOHU(C-F)([DPSOHHYDOXDWLRQRIWKH808.&$PRGHO'KRPVHHWDOVLPXODWHGSDUWLFOHVL]HGLVWULEXWLRQGDVKHGOLQHV
EHIRUH&DQGDIWHU'()WKH-XQH3LQDWXERHUXSWLRQFRPSDUHGWRPHDVXUHGSDUWLFOHFRQFHQWUDWLRQVFURVVHVODUJHUWKDQGLIIHUHQWVL]HWKUHVKROGVFRORUVDQGWRWDO
SDUWLFOHFRQFHQWUDWLRQVODUJHUWKDQQPUDGLXVEODFN
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7KH&0,3PRGHOVWHQGWRRYHUHVWLPDWH
the post-Pinatubo stratospheric warming 
and generally fail to capture the dynamical 
response and associated winter warming 
'ULVFROOHWDOZKLFKPD\SDUWO\EHGXH
to omission of global size variations. 
Climate models with interactive 
stratospheric aerosol
7KHUHKDVEHHQDVLJQLILFDQWDGYDQFHLQ
model capability recently with the develop-
ment of a new generation of composition-cli-
PDWHPRGHOV&&0VWKDWWUHDWWKHVWUDWR-
spheric aerosol interactively (e.g. Niemeier 
HWDO'KRPVHHWDO0DQ\RI
these models also include aerosol micro-
physical modules to calculate sedimentation 
rates and aerosol-radiation interactions 
consistently with simulated global variations 
in particle size distribution. Such models 
therefore have great potential to improve the 
accuracy of modeled volcanic impacts on 
climate and thereby increase the reliability of 
VLPXODWHG*067WUHQGV
,QWHUDFWLYHVWUDWRVSKHULFDHURVRO&&0VKDYH
demonstrated capability in reproducing ob-
served variations in particle size distribution 
after the Pinatubo eruption. For example, in 
)LJXUHWKHPRGHOFDSWXUHVWKHREVHUYHG
feature that optically active sizes (larger than 
QPFRORUHGOLQHVZHUHHQKDQFHGIRU
all size channels measured by the particle 
counter, whereas total particle concentra-
tions (black) were not greatly perturbed by 
the eruption. 
)LJXUHGHPRQVWUDWHVWKHSRWHQWLDORIWKH
models to produce new volcanic forcing da-
tasets and illustrates how the heating of the 
plume strongly influences its own dispersion 
DQGVXEVHTXHQWUDGLDWLYHHIIHFWV7KHZDUP-
ing enhances upwelling in the tropics, which 
lofts particles to high altitudes generating 
DNLQNLQWKHNPH[WLQFWLRQWLPHVHULHVD
PLQLPXPLQHDUO\DQGDVHFRQGPD[L-
PXPDWWKHHQGRIWKH\HDU7KHODWWHUSHDNLV
likely due to particles sedimenting from the 
main plume, which at that time is present at 
KLJKHUDOWLWXGHV&RPELQLQJWKHPRGHOVDQG
measurements may also help close a key ob-
servation gap in the post-Pinatubo SAGE-II 
solar occultation record. For several months 
following the eruption the volcanically 
enhanced aerosol was opaque enough to 
prevent measurements of aerosol extinction 
EHORZNPLQWKHWURSLFVHJ+DPLOOHWDO

A recent study of the Pinatubo eruption 
'KRPVHHWDOVKRZHGWKDWWKHVDW-
ellite-observed post-eruption increase in 
mid-visible aerosol optical depth is con-
sistent with a considerably lower mass of 
sulfuric acid in the aerosol when variations 
LQSDUWLFOHVL]HDUHVLPXODWHG7KHVWXG\DOVR
emphasized that satellite estimates of the 
peak global sulfur burden in the particles 
DUHDURXQGORZHUWKDQWKHPHDVXUHG
gas phase sulfur burden shortly after the 
eruption. Further analysis suggests that the 
coarse spatial scales used in global models 
may miss important loss pathways in the 
ILUVWGD\VIROORZLQJWKHHUXSWLRQ7KLVFRXOG
KDYHLPSOLFDWLRQVRQWKHPRGHOLQJRI62 HPLVVLRQVLQWKH&&0VLQRUGHUWRPDNHWKH
simulated stratospheric aerosol properties 
consistent with observations.
Quantifying uncertainty 
in volcanic forcings
7KHVHLVVXHVZLOOEHLQYHVWLJDWHGLQD
QHZŏ+LVWRULFDO(UXSWLRQ62 Emission 
Assessment” experiment within the model 
intercomparison activity of the current 
ŏ63$5&6WUDWRVSKHULF6XOIXUDQG,WV5ROHLQ
&OLPDWHŐLQLWLDWLYH66L5&7KHDFWLYLW\ZLOO
involve evaluating simulations of the Agung, 
(O&KLFKµQDQG3LQDWXERHUXSWLRQVIURPD
range of interactive stratospheric aerosol 
PRGHOVDQGDVVHVVLQJKRZPXFK62 is re-
quired to match with available observations. 
Another analysis within the modeling com-
SRQHQWRI66L5&LVWKHŏ3LQDWXER(PXODWLRQ
in Multiple modelS” (PoEMS) experiment, 
which will quantify the uncertainty in vol-
canic forcings predicted by interactive aero-
VRO&&0V%\DSSO\LQJQRYHOVWDWLVWLFDOWHFK-
QLTXHV/HHHWDOFRQWULEXWLRQVWRWKH
overall forcing uncertainty will be attributed 
to a range of parameters, varied within the 
ensembles carried out by each participating 
model. In so-doing, the initiative seeks to 
identify to which parameter uncertainties 
(injection settings, chemical conversion or 
microphysical processes) simulated volcanic 
IRUFLQJVDUHPRVWVHQVLWLYH7KH66L5&LQWHU-
comparison experiments are complimentary 
WRWKH9RO0,3LQLWLDWLYHIRU&0,3ZKLFKZLOO
investigate climate responses to common 
prescribed volcanic forcings (see Zanchettin 
et al., this issue).
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Figure 2:7KH6$*(,,WLPHVHULHVRIWURSLFDOPHDQr1DHURVROH[WLQFWLRQLQWKHPLGYLVLEOHQPDQGQHDULQIUDUHGQPDWNP(A, B)DQGNPDVO(C, 
D)FRPSDUHGWRUDGLDWLYHO\FRXSOHGUHGDQGXQFRXSOHGEOXH3LQDWXERVLPXODWLRQVZKHUH7JRI62ZDVLQMHFWHG7KHHYROXWLRQRIWKHVLPXODWHGH[WLQFWLRQDFURVVWKHVKRUWZDYHVSHFWUXPDWWKHWZRDOWLWXGHVLVVKRZQLQSDQHOV(DQG)DORQJVLGHWKDWREVHUYHGE\6$*(,,Y(G, H).
